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Thus, the bandwidth of the SC spectra is narrower than the constant dispersion fibers. We have confirmed these trends by using simulations based on the Nonlinear Schrodinger Equation.
In summary, we find experimentally that DD fiber produces broader and smoother SC spectra than DI or constant dispersion fiber. At 24.3 W peak input power, the SC spectrum of DD fiber is over 100 nm wide, over twice that created by constant dispersion fiber. The spectrum is also relatively flat over the 20-nm range from 1545-1565 nm. We will also report applications of the multiwavelength SC source to erbiumdoped fiber amplifiers and wavelength-division multiplexed fiber characterization.
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31, 124-125 (1995 Brillouin/erbium fiber lasers (BEFLs) have recently been demonstrated as a novel mode of operation of fiber lasers, using both the gain of an erbium-doped fiber (EDF) and Brillouin gain in single-mode optical fiber.' BEFLs can be configured to produce laser combs, with potential applications in dense wavelength-division multiplexing.2 In this paper we present a different regime of operation of a BEFL, in which a signal is injection locked in a ring resonator, which then seeds the BEFL modes. The laser configuration is shown in Fig. 1 . In comparison to the previously reported BEFL,' this resonator contains no isolator. Without an injected narrow linewidth signal, the ring resonator operated as a bidirectional erbium-doped ring laser (EDRL). Injection of the signal through the 3-dB coupler, with sufficient power and close in wavelength to the free-running wavelength of the EDRL, forced the operation of the ring to be injection locked, in the process forcing some suppression ofthe gain in the EDF. Operation was then unidirectional, in the counterclockwise (CCW) direction of Fig. 1 . The power in the injection-locked signal increased with increasing 1480-nm pump power, until sufficient Brillouin gain was generated in the clockwise (CW) direction. The Brillouin gain was generated at a frequency downshifted 10.8 GHz from and in the opposite direction to the injection-locked ~i g n a l .~ If the combination of the Brillouin gain and the EDF gain was such that it equaled the resonator losses, BEFL operation commenced in the CW direction. Increasing the power in the signal would seed another signal in the CCW direction, cascading the process. In each direction a 21.6-GHz laser comb was generated, the combination of the two directions giving a 10.8-GHz comb, as shown in Fig. 2 , taken from the 10% coupler. Measurement conditions for Fig. 2 were 60-mW launched 1480-nm power and 1.8-mW launched injected signal. In comparison to previous schemes,' in which each line was a BEFL line, in this arrangement the first line is injection locked and subsequent lines are BEFL lines.
The laser output contains multiple wavelengths, each operating in only a single direction, and hence spatial hole burning does not occur. This property, and the characteristic that each line stimulates a different Brillouin gain component, allows narrow linewidth operation in each line, and a narrow lasing line spacing in the EDF at room temperature. The signals in each direction are at different frequencies, a property which may be useful in gyroscope applications? The resonator geometry for multiline operation is simple, and is similar to multiline generation in a Brillouin fiber laser,5 except for the inclusion of the EDF.
For a given 1480-nm pump power, there is an optimum power for the injected signal to achieve the maximum number of generated lines. As the total output power is shared between the lines, if the injected power is too large, it will generate a large Brillouin gain, with substantial suppression of the EDF gain. The BEFL lines then require large power to seed an additional line, and the total number of lines is reduced. If the injected signal is too small, the Brillouin gain will be correspondingly small, and competition occurs with the free-running EDRL operation, 
Experimental results
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' ' """' High gain, large bandwidth, and low noise avalanche photodetectors (APDs) are increasingly attractive for use in high-bit-rate optical communication systems because of the internal gain provided by APDs.' Silicon avalanche photodetectors are well-known for their large gain Tu11 3-dB bandwidth as a function of the multiplication gain for a SHIP detector with w,= 1 pm, wm=2.5 pm. The resistance and the capacitance of the detector are 2020 R and 0.1 pF, respectively. The squares are the experimental data points while the solid line is the theoretical result. wm (Pm)
Tu11
Gain bandwidth product of Si/InGaAs APDs as a function of the multiplication layer thickness. The circle is the measured gain bandwidth product for SilInGaAs APDs with 2.5 -p n multiplication layers. bandwidth product, low excess noise figure, and good temperature sensitivity.' Using wafer fusion, we have demonstrated an 81-GHz gain bandwidth product SilInGaAs APD, which can be used in the 1.3-1.6 pm wavelength regime.3
Here, we analyze the performance of Si/InGaAs APDs and present the optimized design for these APDs. This detector uses silicon as the multiplication layer and IriGaAs as the absorption layer. In this way, large gain bandwidth and high quantum efficiency can be achieved. The separate absorption and multiplication regions are designed such that avalanche multiplication can be sustained in Si while no multiplication takes place in the InGaAs absorption layer.
The performance of Si/InGaAs APDs can be analyzed using the analytical expressions on the frequency response of APDs with separate absorption and multiplication region^.^ Based on that theory, we calculate the gain dependence of 3-dB bandwidth for Si/InGaAs APDs. Given a resistance R=2020 0, a capacitance C=O.1 pF, a multiplication layer calculated results are shown in Fig. 1 , together with experimental res u l t~.~ Due to the large resistance of the APD, the bandwidth was mainly limited by the RC roll-off.
Contours of constant 3-dB bandwidth are plotted in the wm-wa plane for an APD with a diameter of 23 p m in Fig. 2 . When the resistance is small, high bandwidth (can be achieved by decreasing the thickness of thickness w,=2.5 pm, and an absorption thickness w,=l pm, the
